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Abstract 
Lustrous carbon is very important in processes of iron casting in green sand. Lustrous carbon (pirografit) is a microcrystalline carbon form, 
which evolves from a gaseous phase. In the case of applying additions, generating lustrous carbon, for sands with bentonite, there is 
always a danger of emitting – due to a high temperature of liquid cast iron and a humidity -compounds hazardous for a human health. 
There can be: CO, SO2, benzene, toluene, ethylbenzene, xylene (the so-called: BTEX) as well as polycyclic aromatic hydrocarbons 
(PAHs). In order to asses the selected mixtures: bentonite – carrier of lustrous carbon, in which a coal dust fraction was limited, the 
thermogravimetric analysis and the analysis of evolving gases were performed.  Examinations were carried out in the Applications 
Laboratory NITZSCH-Gerätebau GmbH, Selb/Bavaria, Germany. The NETZSCH model STA 449 F3 Jupiter
® simultaneous thermal 
analyzer was used to measure the mass change and transformation energetics of materials. The system employed for this work was 
equipped with an SiC furnace capable of operation from 25 to 1550°C. The mass spectrometer of the QMS 403 allows detection of mass 
numbers between 1 and 300 amu (atomic mass unit). 
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1. Introduction 
Lustrous carbon is very important in processes of iron 
casting in green sand. Lustrous carbon (pirografit) is a 
microcrystalline carbon form, which evolves from a gaseous 
phase [1, 2]. Its main task is a protection of a casting surface 
against sand scorching and obtaining the required surface 
smoothness. Lustrous carbon is formed, during pouring liquid 
metal into moulds, from additions containing carbon, which are 
being introduced together with bentonite into sands. The main 
source of lustrous carbon in sands with bentonite was, until 
recently, coal dust. However, mainly because of the 
environment protection and improvement of work conditions, 
the world companies producing additions for sands with 
bentonite are searching for coal dust substitutes being more 
environmentally friendly [2, 3, 4]. Such additions can be: 
graphite dust, coke dust, carbon black, granulated tar, synthetic 
resin, gilsonite, lignite, aliphatic oils etc. [5, 6, 7, 8]. 
Product of the Hüttenes-Albertus Company of a trade name 
Carbofluid, which is able to form lustrous carbon in an amount 
of 12 to 25% is an example of a coal dust alternative. Very 
broad successful investigations in the field of development 
ecological substitutes for coal dust are carried out in the S&B 
Industrial Minerals Company in cooperation with the Faculty of 
Foundry Engineering,  of the AGH - University of Science and 
Technology, the Faculty of Chemistry of the Jagiellonian 
University and Bergakademie Freiberg. The developed 
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225technology of the name ENVIBOND utilizes microcrystalline 
graphite as such substitute [9, 10, 11, 12].  
In the case of applying additions, generating lustrous 
carbon, for sands with bentonite, there is always a danger of 
emitting – due to a high temperature of liquid cast iron and a 
humidity -compounds hazardous for a human health. There can 
be: CO, SO2, benzene, toluene, ethylbenzene, xylene (the so-
called: BTEX) as well as polycyclic aromatic hydrocarbons. In 
order to asses the selected mixtures: bentonite – carrier of 
lustrous carbon, in which a coal dust fraction was limited, the 
thermogravimetric analysis and the analysis of evolving gases 
were performed.  Examinations were carried out in the 
Applictaions Laboratory NITZSCH-Gerätebau GmbH, 
Selb/Bavaria, Germany. 
 
2. Materials and the applied method 
Two mixtures, being applied in domestic foundry plants as 
additions to sands with bentonite, were selected. They were: 
Kormix 75 produced by ZGH Zębiec and Ekosil produced by 
Süd-Chemie.  
The NETZSCH model STA 449 F3 Jupiter
® simultaneous 
thermal analyzer was used to measure the mass change and 
transformation energetics of materials. The top-loading STA can 
be equipped with various easy exchangeable TG, TG-DTA or 
true TG-DSC sensors and with different furnaces to 
accommodate different application areas. The system employed 
for this work was equipped with an SiC furnace capable of 
operation from 25 to 1550°C. The system is vacuum tight, 
allowing measurements to be conducted under pure inert, 
reducing or oxidizing atmospheres. Heating rates of up to 50 
K/min can be employed and the digital resolution of the balance 
is 1 µg/digit. Data acquisition and evaluation, as well as 
instrument control, are carried out using a MS-Windows™ 
software package. The software allows the computation of the 
rate of mass change, mass change steps, onset and peak 
temperatures, inflection points, peak area integration, etc.  
The NETZSCH QMS 403 Aeolos
® system was coupled to 
the STA by means of a transfer line which was kept at a 
constant temperature of 300°C. The mass spectrometer of the 
QMS 403 allows detection of mass numbers between 1 and 300 
amu (atomic mass unit). The mass spectrometer data acquisition 
can be carried out in the SCAN (scanning a predefined mass 
number range) and in the MID (measurement of up to 64 
different predefined mass numbers) mode. Data acquisition is 
done by the mass spectrometer software triggered by the STA 
system. The analysis is performed using the combined STA-MS 
MS
®-Windows™ analysis software package (Fig. 1). 
 
Experimental conditions: 
sample carrier    TG-DSC, 
crucible      platinum with pierced lids 
sample thermocouple  type S 
purge gas      argon (70 ml/min) 
temperature program  RT – 1100
oC, 20 K/min 
sample mass    30 mg 
calibration standard  Sapphire 
 
 
 
Fig. 1. The NETZSCH QMS 403 Aeolos
® coupled to  
a NETZSCH STA (schematic) 
 
3. Results of examinations 
Ekosil sample 
Figure 2 depicts the temperature dependent mass changes 
and heat flow rate of the sample Ekosil. During the entire 
experiment, four mass loss steps of 6.4%, 6.9%, 4.1% and 1.8% 
were observed. Maxima in the rate of mass change occurred at 
127°C, 467°C and 642°C. The DSC signal exhibited 
endothermic effects which correlate well with the observed 
mass loss steps. The mass spectrometer signals shown in figure 
3 indicate that the mass loss steps are predominantly due to the 
release of H2O, CO and CO2 with mass numbers 18, 28 and 44. 
Mass number 15 is most probably due to the fragment CH3. 
Further mass numbers displayed in figure 4 are also due to 
organic molecules and fragments. Figures 5 through 8 depict 
exemplary comparisons of the measured mass spectrum at 
480°C with NIST
1 literature spectra. Aromatic hydrocarbons 
such as benzene, toluene and others could be identified. 
 
                                                           
1 NIST – National Institute of Standards and Technology. 
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Fig. 2. Temperature-dependent mass change (TG), rate of mass change (DTG) and heat flow rate (DSC) of the sample Ekosil  
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Fig. 3. Temperature-dependent mass change (TG) and results of mass spectroscopy (ion current for mass numbers 15, 18, 28 and 44) of the 
sample Ekosil  
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Fig. 4. Temperature-dependent mass change (TG) and results of mass spectroscopy (ion current for mass numbers 27, 55, 67, 78 and 91) of 
the sample Ekosil 
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Fig. 5. Mass spectrum of the sample Ekosil measured at 480°C (red) in comparison with the NIST literature spectrum of benzene C6H6  
(blue)  
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Fig. 6. Mass spectrum of the sample Ekosil measured at 480°C (red) in comparison with the NIST literature spectrum of toluene C7H8 
(blue) 
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Fig. 7. Mass spectrum of the sample Ekosil measured at 480°C (red) in comparison with the NIST literature spectrum of ethylbenzene 
C8H10 (blue)  
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Fig. 8. Mass spectrum of the sample Ekosil measured at 480°C (red) in comparison with the NIST literature spectrum of xylene C8H10 
(blue) 
 
 
 
 
Kormix 75 sample 
 
The STA-MS results for the sample Kormix 75 shown in figures 9 
through 13 were qualitatively similar compared to the first 
sample. During the entire experiment, four mass loss steps of 
3,91%, 7,69%, 4,09% and 1,41% were observed too (Fig. 9). 
Maxima in the rate of mass change occurred at 101
oC, 466
oC and 
682
oC.  However, the sample Kormix 75 exhibited an additional 
release of organics at ~412°C peak temperature (see figures 11 
and 12). The DSC signal exhibited endothermic effects which 
correlate well with the observed mass loss steps. The mass 
spectrometer signals shown in figure 10 indicate that the mass 
loss steps are predominantly due to the release of H2O, CO and 
CO2 with mass numbers 18, 28 and 44. Mass number 15 is most 
probably due to the fragment CH3. 
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Fig. 9. Temperature-dependent mass change (TG), rate of mass change (DTG) and heat flow rate (DSC) of the sample Kormix 75  
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Fig. 10. Temperature-dependent mass change (TG) and results of mass spectroscopy (ion current for mass numbers 15, 18, 28 and 44) of 
the sample Kormix 75 
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Fig. 11. Temperature-dependent mass change (TG) and results of mass spectroscopy (ion current for mass numbers 27, 55, 67, 78 and 91) 
of the sample Kormix 75  
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Fig. 12. Mass spectrum of the sample Kormix 75 measured at 412°C (red) in comparison with the NIST literature spectrum of benzene 
propanal C9H10O (blue)  
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Fig. 13. Mass spectrum of the sample Ekosil measured at 480°C (red) in comparison with the mass spectrum of the sample Kormix 75 
measured at 483°C (blue) 
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4. Conclusions 
The following conclusion can be drawn on the bases of the 
performed examinations: 
1.  The STA-MS results for the samples Ekosil and 
Kormix 75 were qualitatively similar. During the 
entire experiments four mass loss steps were observed. 
Maxima in the rate of mass change occurred 
respectively at 127
oC and 101
oC, 467
oC and 466
oC, 
642
oC and 682
oC. The sample Kormix 75 exhibited an 
additional release of organics at about 412
oC peak 
temperature. 
2.  The mass loss steps was predominantly due to the 
release of H2O, CO and CO2 .  
3.  The water content in sample Kormix 75 (3,91%) was 
less than in sample Ekosil (6,37%). 
4.  In both samples at temperature about 480
oC could be 
identified aromatic hydrocarbons such as benzene, 
toluene and other. 
5.  Some of mass number (15, 27, 55, 67, 78 and 91 amu) 
were due other organic molecules and fragments 
(CH3). 
6.  To precisely identify these molecules it is need to use 
other methods (e.g. IR spectroscopy, gas 
chromatography). 
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